Warming is significantly affecting ecosystems in dry-warm areas, such as the Middle East [1] , but long-term climatic records are often scarce in these regions. One important proxy source of climate data is tree rings, which have contributed to understanding climate changes over the past millennium [1] . Under the PAGES2K framework [2] , a tree-ring network of the Eurasian continent was developed during the past decades. Within this region, warm-dry areas (such as the Middle East) are the most vulnerable to climatic warming due to increasing risk of drought stress. However, few long-term temperature records are available in the PAGES2K network in the Middle East, which limits the evaluation of recent climatic change in the context of long-term climate variability (Fig. 1a) . The objective of this study was to develop a long-term tree-ring-based temperature reconstruction in Iran and to investigate its regional response to large-scale climate changes during the past 700 years.
The study area is located in the Alborz Mountains in northern Iran. Its climate is the Mediterranean type, with warm-dry summer and cool-wet winter (Supporting Information Fig. S1 ). On the southern slope of the Alborz Mountains, Juniperus polycarpos forests are abundant from $2200 to 2900 m a.s.l. and trees can be hundreds of years old. An earlier study [3] using Juniperus polycarpos tree rings was located $500 m lower than our sampling site. It found that tree growth at lower elevations, where soil moisture is generally low, strongly responds to drought/precipitation variability. However, little is known about the potential for reconstruction of temperature variability based on tree rings of Juniperus polycarpos at higher elevations in these mountains.
Tree growth near the upper treeline is usually limited by low temperatures [4] . In order to enhance possible temperature influence on growth, tree-ring cores from the upper treeline were taken in the Alborz Mountains. A total of 61 increment cores from 33 living and subfossil trees were collected at Chaharbagh (36°35 0 24 00 N, 54°29 0 5 00 E, 2800-2900 m a.s.l.) (Fig. 1a) . We detrended the raw ring-width series using 400-year cubic smoothing splines to reduce the age-related growth trend and the indexed series were averaged using a biweight mean into a tree-ring width (TRW) chronology [5] . The chronology started at 1134 CE (Supporting Information Fig. S2 ), which makes it currently the longest in Iran. The TRW chronology after 1316 CE had a subsample signal strength (SSS) [6] of at least 0.75 (8 cores from 4 trees), deemed suitable for further analysis. The moving expressed populational signal (EPS) [6] value exceeded the commonly accepted 0.85 minimum threshold, except for the period 1410-1490 CE (Supporting Information Fig. S3 ).
To test whether there are significant temperature signals, the TRW chronology at the upper treeline was correlated with climate data from nearby meteorological stations in Bojnurd, Gorgan, and Qaemshahr and the CRU dataset (Fig. 1a) . We averaged the temperature and precipitation data of the three stations over a common period to represent the regional climate variability. The self-calibrating CRU scPDSI 3.24 dataset (36°25 0 N, 54°75 0 E) from 1950 to 2015 was also used as the record of dryness and wetness (Fig. 1a) . As expected, tree growth at the upper treeline in the Alborz Mountains appears to be limited by temperature. All the temperature variables from March to July were positively correlated with the standard TRW chronology (Supporting Information temperatures. This may be related to a rising of minimum temperature and thus reduction of the maximum-minimum temperature range. Among different combinations of seasonal variables, mean temperature in the March-July period had the highest correlation of 0.56 (P < 0.01) with the chronology. Neither precipitation (Supporting Information Fig. S3a ) nor PDSI was correlated significantly with the TRW chronology (Supporting Information Fig. S3b) . Such a temperature limitation is consistent with other studies at the upper treelines (e.g., [7, 8] ) and different from drought-limited growth of J. polycarpos at lower elevations [3] .
A simple linear regression model was constructed by calibrating the TRW chronology against March-July mean temperature. The regression model (T M-J = 16.8744 + 1.90349 Â TRW) explains 31% of the variance during the calibration period . As the observational data were too short to do a sub-period calibration and verification test, we used the leave-one-out method [9] to test whether the model could be used for reconstructing variations in temperatures in the past. Both the correlation coefficient (r = 0.51) and sign test (23 agreement and 10 disagreement) [4] between the observed March-July temperatures and estimations were significant at the 0.01 level during the verification. The positive reduction of error (RE = 0.30) indicates that the model could be used for the reconstruction.
In the context of the whole reconstruction period (Fig. 1b) , the most recent decade is the second warmest period (anomaly = 0.42°C ) identified by the Regime Shift Detection [10] . The 1875-1892 CE period was the warmest (anomaly = 0.43°C), and other warm periods occurred in 1632-1702, 1731-1748, and 1902-1948 CE. In addition, cold regimes were identified in 1316-1361, 1494-1503, 1607-1631, 1703-1730, 1749-1776, 1893-1901, and 1949-2006 CE (Fig. 1b) . The cool 1494-1503 and 1790-1830 periods agree with the Maunder Minimum and Dalton Minimum, respectively.
To investigate similarities between temperature in Iran and other regions, we compared our temperature reconstruction with those from Europe and Asia (Fig. 1b) [2] . Despite of the consistency of temperature variability between Europe and Asia (r = 0.292, P < 0.01), our temperature reconstruction in northern Iran showed no relations with those in Asia (r = 0.005) and Europe (r = À0.079), respectively. During the twentieth century, northern Iran did not experience a warming trend (Fig. 1b) . On the contrary, there is a long-term cooling from 1949 to 2006, and warming up only in the past two decades. The only warm period that northern Iran had in common with Europe and Asia was 1410-1460 CE, whereas the warm periods of 1640-1690 and 1920-1960 CE were in common with Europe, and cold period of 1700-1720 CE was in common with Asia (Fig. 1b) .
In sum, we presented a 700-year temperature reconstruction for northern Iran, filling a gap of the PAGES2K tree-ring network. It indicates that Iran may have experienced different variations in temperature than both Europe and other Asia regions over most of the past 700 years. No obvious warming tendency was found in the twentieth century in northern Iran. However, it should be cautioned that a warm phase during the most recent two decades may pose a risk for heat-induced drought stresses for this warm-dry area. Forthcoming studies will further expand the tree-ring network to improve the understanding of long-term temperature variability in Iran.
